CHAPTER 2

SYSTEM  PERFPRMANCE

2.1  System Details ' ;;/
2.1.1 Binary PSK System

In aeneral the modulatinc signal in a PSK system is pulse-code-modulated

(PCM) waveform. Considering a modulating binary siagnal of v(t), which

becomes +V or -V, the PSK waveform is aiven by 18

vPSK(t) = A cos {wot + y(t) } g B ke e 0 |

where A is a constant amplitude and Y= 0 for v(t) = +V and ¢y = 7 for

v(t) = -V, The Ea.(2.1) can also be written as

v(t)
\

VPSK(t) = A cos w,t R Sk 22

= #A cos w t depending on the sian of v(t).

For a constant amplitude sinuseid carrier its phase-shift kevina with
a sharp kevinag transitions hetwzen two phase states separated by w
radians provides an optimum signalina. The PSK sianal, so generated,
will have the waveform of plus-minus rectanaular pulses of a continuously

generated sinusoid carrier as illustrated in Fig 2.119'21
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This type of signal is produced by means of DSB-SC modulation of a
carrier bv a hipolar rectancular waveform or by direct phase modulation
of a carrier. Yowever, with a view of avoidina the problem of critical
freauency svnchro~ization and intersymbol interference, a baseband
sional of 100 percent sinusoid roll-off, better kiown as raised-cosine
or cosine-sauvared pulse, is freguantlv used instead of a rectancular
waveforml. For a binarv message 101101001 represented by such pulses,
as illustrated in Fiq 2.2-(a);-a-binary-PSK waveform! of Fig 2.2 (b)

is obtained.
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Fig 2.2 (a) Baseband Waveform for the Binary Message 101101001
(b) Binary PSK Waveform



In Fig Z.2(b) it caa be seen that the amplitude variations and the

phase reversals are distinct, of which amplitude variation can be

removad Ly means of a limiter.

A PSK waveform is nenerated by applvina a baseband sicnak v(t) and the

carrier cos wot as shown in Fig 2.3

. falanced vit)
V(t) R . i ;‘}odu]ator g _T-— A cos wot
K |
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Fig 2.3 PSK Mayve Generation

282 Four-phase PSK

So far the case discussed has been only for binary communication
systems, wierc one of the two possible messages is transmitted in any
interval 0 £t £ T, A svstem where many possible messages are
transmitted in the interval T is called ii-ary systems, where !1 being

the number of messages.

Generallv in a 4-phase PSK svstem, oue of the 4 possible waveforms is

transmitted in each interval. Such 4-phase signals are generated by

18-20

the combinationr of two AM wavees in quadrature . The binary digits

that are to be transmitted are grouped in two pairs, X and Y. foth X



e

9
X : Bl TR
“odulator ¥
g
B
Parallel
data XY
Oscillator 01 i i1
Serial Output St
Dat-——*rﬁanv rter | ¢ b S
[90°-shift’ el %
' 00 “ il
90"
?
“odulator > §
y \
-90°

Fig 2.4 Four-phase Signal Generation

and Y digits are applied simultaneously to the linear amplitude
modulators. The X modulator is fed with 0° carrier and the Y modulator
with 90° carrier. The X modulator output will have 0° carrier when the
X digit is a "1" and 180° carrier when the X digit is a "0". Likewise
the Y modulator output will have plus or minus 90° carrier depending
on whether Y is "1" or "0". “oth the modulator outputs are summed to
give a four-phase PSK signals as illustrated in Fia 2.4, where the two
digit combinations are arranged in such a code that tie adjacent

combinations differ by one digit.

2.1.3 Armstrong Phase Modulator

As the modulator developed for the research is based on the Armstrong

modulation technique, it is felt necessary to discuss the technique
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to certain detaiis. In an Armstrong phase modulator as shown in Fig 2.5
the baseband signal is fed to a double-sideband suppressed-carrier
amplitude modulator where modulation should preferably take place with
low index of modulation to retain linecarity, To the output of the
modulator another carrier, 90* out of phase with the first one is
addeq to the sidebands. The amplitude variation of the adder output

is removed by a limiter which would finally vield a low-index phase-

moduiated signal.

Suppose the modulating baseband gigna1 is
e = v(t) LI s ]V(t)l : 1 coe se e 2.3

Then the DSB-SC amplitude modulator output is

e mV(t) COS wt L] e L 204

a

where m £ 1 is the modulation index.
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Upon adding a quadrature carrier of correct phase to the 2, the sum
becomes

o mvit) cos ot + sin (0t + €) ... N OTR

where € is small and represents an error in carrvier phase. The phasor

relationship of this Eq (2.5) is shown in Fig 2.6..

= wt~(90—€)‘
as=—rrr

e
o i



From Fig 2.6, thz magnitude of A is givin by

; 0 v :
K= £im*v®(t) cos®c + {1 + m(t) sin e}?]
= /Im?v3(t){cos?e + sin2el+ 2mv(t) sin e + 1]

= /[m2v2(t) + 2mv(t) sin e + 1] bt i 2.6

apd tho direction is given by
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mv(t) cos e )
€

e ={/[1 + Zmv(i) 8tng + m*v2(LiPSin(wt+ettan™? -
e [1 + Zmv(i)i8th-g v2(ti3rsin(wt+e+tan {1 ¥ viE)sin

e 23

The amplitudz of this signal becomus constant vhen it is passed thrsugh
a perfect iwmituor, wicrcby the phasc modulated signal is obtained whoss
chase modulation is given by ¢ as exprossed Ly Eg (2.7), which can

furthor bo oxpand.d as

P(t) = mv(t) cose - m*v?(t) sine cose + m3v3(t) sin%e cos ¢

m 3 3
-13'V (t) CoOs €+ ceon s o0 2010

In the expansicn, for small non-linear distortion, it is controlled

Ly second and tuird order terms, so thosa of higher -order are omitted.
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For an ideal case e= 0, wiich yields the first term of tue expansion
as the desired modulatine signal, while tie second and tivird terms
vanish, remaininc the last term as tiird order distortion. But when
e # 0, second order distortion occurs and the required output signal
amplitude is reduced tr tie factor cos e. “esides that, tie proper
croice of m also results in reduction of distortion to some extent.
Tie cioice of m viicy is proportional to tie piase distortion depends

upon tie specific value of v(t).

Tve furtaer development of tais Armstronc paase modulator is resulted

in a new PSK modulator wiicy is descrited in tie followina section.

2.1.4 A ilew Phase ‘odulator

Inthe last section, tie output prase of tie Armstrong modulator is
shown to te proportional to the inverse tancent of tie Laseband signal.
For suci a case cood linearity is ottained onlv ly tie small prase
deviaticn, iov a2 new paas ¢ medulator!? vith an imbroved linearity will

tc;‘ !-i

Wl

58
CiBSE€d.

In this modulotor, two Zrms trong modulaters are arranged in talanced
configuration, The inphase carrier is added to the quadrature carrier
at the output of the DSB-SC modulators. A proper adjustment of the
added inphase carrier will eliminate the third order nonlinearity and
the linearity will further k¢ improved. For this reason, a molulation

i * used :
index of unity is for the two Armstrong modulators.
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Just as in the case of Armstrong Medulater, here is v(t) as modula-
ting signal vhich is fed to the DSB-SC AF ajong with the carrier
coswt. With the exclusion of index of modulation factor compared to
the former case, cach DSB-SC AM i1l yield an output of v(t) cos wt.
Upon addina this output to the twe inphase quadrature carriers in the

tw adders, tvo sums are obtained. They are

aol(t) vit)cos wt +sinfut + &) : v 4vs .;.lv(t)|§1 Se bt

ang Qaatt) & vitjeos wt REMGE = e]  ohade. Gl Al e 20 NE

The phasor relationship for the Eg (2.11) can te established the
same way tv the Fig 2.6. However, the carrier phase error € can ke
included in the phase modulation by sTicht extension in the phasor

diagram Fiq 2.6. Extendi’ng XY towards ¢ and droppinc 2 normal line te



XY extended, it is evident that ,ZY0 = 9°- € and N0 = ¢ + €.
From Eq (2.8), Eq (2.11) tecomes

er‘»l(t) AN A RN ) e e R e 8l
vhere A = /{v?(t) + 2v(t) sin e + 1} i I |

From Fig 2.6, YZ = 1, 0Y = sin € and 0Z = cos €3

. U+ e= tan QY_EZYX] skafe [v(t():og'esm E’JI... 2,15

Hence the Eq (2.13) tecomes

ey1(t) =[/(1 + 2v(t) sin et viz(t)ﬂ. sin{wt + tan'l{j’(t)c;ssi" 8:13)

ven 2.16

Similarly, for the case of eoz(t), another phasor diagram is drawn

as in Fig 2.8, from vhich €7 is ottained as

e,p(t) =[/{1-2v(t) sine + vz(t)}] einlotidt tan™ [V(t}.C.O-SS::n e])

ves 2,17

\ﬂ\ \\ ] 9. =3 = i
\\\/a, \ % Fig 2.5 Phasor Uiagram
> for e
&

i, W (‘3@ | \ ”
/' \T\\ ] € r :
ST ¢ 637
Leine B
S ot e B VR TR 0L B | o e oMIG s AT
| | 4
S |
| i
[ v(t)cos‘(lSO-wt) I
= ~v(t)cos wt |
|

|
; ) €02
l = Sin((,_)t- )‘-[-V(t)ACOS(JJt]

& cos (wt-e-D) = sin(ut-e)

11802049 4



1¢

then the thw outputs, ¢, and e, are multiplied in the multiplier, the
nl 02

products lzcomes

-1 v(t) + sine 1
cose

eol(t).eo,(t) ={ 1+ 2v(t)sine + v2(t)}.sin{wt + tan

X[l/{i i ZV(t)S'I'\E + Vz(t)}.sjn{wt + tan -1 V(Vtgo;“eSinE_}]

and using the trigonometrical relationsnip 2sinf.sinB = cos(F-B) -cos (A+f)
1 v(t)+sine _

COSE
-1 v(t)-sine S cos{th+tan'lv(t)+51n€+tan'J v(t) sine 1

cose CoS¢e cosSe

2,1(t) e o(t) =[v{1+v2(t)}2-4v?(t)sin?elk[cos {tan
-tan

A N oie SER o oive 2.18

Now considering only the phase relationship and assuming that

-1 v(t) + sine H =1 v(t) - sine
ta Svoe ke =i Tand \ =B
g cose F and (e cose

tant——~tan B
I ¥+ tans%tan P

From trigonometry, tan {(F=B)=

tan-/[. + tan B
1 -tan £°tan B

and tan (A #*B)L=
Nov sultstituting the valuss of /A and B, tan (?-B) and tan (/+B) t=come

2vit) cose
ey et

sinZe
v2(t) + cos2e

tan (. B) = and tan (£4B)=

-1 Sin2e ]
#‘——‘_‘M
vi(t)+cos2e

- cos[2wt + tan'l-Tg%Lg%%%%g—]}.... 238

115 negligi He compared to

oegy(t) e ,(t) = AL+ vA(t)}%- 4v2(t) sin2e. %{cos[tan

O

-1 sin2e
vi(t) + cos2w

cos [2wt + tan %v_@vc9§e ] lecause € is small aond v(t) liss letwen *1.

This cauation also shovs that the output phase modulation, vhich is the

Here cos[tan

sum of ths phasc medulations on e ,(t) and ¢.5(t), has teen superimposad
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on the frequency 2w. Eliminating the explicit time dependence, the

phase modulation is written as

; iv-csge “ne oo ‘lévgl... 2.20

¢(v,e) = tan
So the required output phase of the modulator is expressed in terms of
input voltage, v, and the small error in carrier phase, €, whose proper
choice ° optimizes the modulator for specific application. For the values
of v, 0 and T1, the Eq (2.20) becomes

$(0,e) = 0 and  ¢(£1,€e) = &+ % A R s i hin 221
which shows that Eq (2.20) is independent of €. Hence the Eq (2.20), for
an ideal modulator becomes

) (v) = vi/2 B cccced roma) (O K TR A RS 233
ideal

The value of € for which the maximum difference between ¢(v,€) and

¢

by direct computation and the results is shown in Fig 2.9 and in tables

ideal(v)’ as given by/Eqs (2.20) and (2.22) respectively, is determined

2. . breon 243,
!

v : d(v,e) - ¢idea1(v) in degrees
volts| £=0° e=15° | €=30°| _e=45° €=60°
0. b2 42 2.04 0.92 | -0.87 ~ 3,23
0.2 4.61 3092 1584 |4r-1.58 - 6.23
03 6.39 5.49 2i92 -2.00 - 8.75
0.4 71.60 1. 6,61 390 -2.04 ~10.53
0.5 8413 3 i 4,10 -1.69 ~11.31
0.8 7092 7.09 4.37 1 1,02 -10.85
D 6.98 6.34 4,18 -0.26 - 9.08
D8 | 5:52 1 4,89 3.44 | +0.35 - 6,23
0.9 2597 2576 205 +0.21 - 2.92

Table 2.1
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A plot for this table is shown in Fig 2.9, where the curve for &= 45°
is close to the linearityv. So further computation is done and they are

tabulated in table 2.2.

v ¢ (v, E) - ¢ideal(v) in degrees
volts e=40° £=42° €=43° - €=45°
01 -0.20 ~0.46 -0,60 -0.87
0.2 ~0.30 =0.80 ~1.05 ~1.58
053 -0.20 =0.90 -1.23 -2.00
G.4 +0.11 -0.71 -1.14 -2.04
a.5 +0.60 ~0.26 ~0.72 ~1.69
Oa6 '{'1015 +()033 "0.10 "1402
0,2 41,56 +0.87 +0.52 - =0.26
085" +1.63 +1,15 - +0.90 +{. 35
0.9 +1.15 $0.92 | 40.78 +0,21
i i
Table 2.2
LM ez
; b (v,€) éideal(v) in degreéiwm
volts T = e €=42.5°
0l -0.50 -0.52 -0.53
Ok ~-0.87 -0.20 -C.93
83 -1.00 ~1.04 ~1.08
0.4 -0,84 -0.88 -0.92
0.5 =0, 40 ‘ ~0,45 -0.49
0.6 +0,20 +0.16 ~-0.12
g +3.78 +0.74 +0.70
5.8 +1.08 +1.05 +1.03
0.9 +0.88 +),86 +0.85
Table 2.3

As seen from the table 2.2, the linearity lies between those for the
values 42 and 43 of €. Further computation is carried out to search for

the best possible linearity and they are given in table 2.3 above.
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Finally it is found that the deviation from perfect linearity is not
more than 1.05°(degrees) for the range =% T = ¢ 4% 7 when € = 42.4°
which is also plotted in Fig 2.,9.This Fig 2.9 also proves that the

maximum phase error for the balanced Armstrong modulator, for which

¥ € = 0, is reduced by an approximate factor of 8 (correct factor is 8.13).

The amplitude of the product of the signals €51 and ey is

Ieol(v).eoz(v)l and is written as

¥ = 242 2 ik 2
1eol(v).c02(v)| i /ARG ) A~ Nv™ sin?€) . ... ..0 2.23
This amplitude increases with v and becomes maximum at v = 1

le 1 (1) .e ,(1)| =% /{4-4 sinc)

il

/{1 - sin’¢g}

cos € i o e 2424

]

Any amplitude variation is smoothed by means of a limiter, whereby
the final output is obtained. Circuit details of various functions will

be treated henceforth.
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2,2 Circuit Details

2.2.1 Balanced Modulator

A balanced modulator is widely used to generate DSB-SC signal. The
discussion of the theory of a balanced modulator is therefore felt
necessary before going into circuit details of the DBB-SC Amplitude
Modulator. The basic type of balanced modulator is the bridge type
circuit shown in Fig 2,10. In this bridge circuit the carrier portion
of the signal is cancelled in the push-pull output circuit. Because of
their non-linear transfer characteristics the field-effect transistors
@FET) are used sothat the output is the product of the input voltages.
The transfer curve (Id vs Vgs) of such FET is parabolic??, whose

partial power-series expansion is

i, =4 +av o +bv: + .., A Gy 4 2058
d o) gs gs

where i0 is the current for zero gate-source voltage, and a, b, ...

are constants.

£ ’?‘ idl

v ™

gsL;{

Modulating N :S DSB-SC
Signal !'l 3\ Qutput
Input <

4 St !
V -
m - gs2 I

Fig 2.10 A Balanced Modulator Circuit

As the drain currents i and 1 flow in opposite directions in the

dl d2

primary winding of the output transformer, the effective primary
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current 1p is thelr difference.

et Gt

= - 2 e 2
a(vgﬂ1 vgsZ) 4 b(vgal vgsZ) o s B

= a(v881 - vgsz) + b(v881 + vgsZ)(vgsl - Vgsz) S R
From the Kirchhoff's voltage law for the input loops,

o
vgsl“ sz+Vc CRCEE N ) LRI ) e 00 LI ) 2.27

v ""lﬁvm""vc Lo e so e oo 2.28

gs2
Substituting the last two equations into Eq (2.26),

ip = a(vm) + b(2vc)(vm) .+ O SARONT e e Oy 2.29

The low-frequency term 7 is blocked by the cutput (RF) transformer which
passes only the terms of higher frequency order like 2vcvm which contains
both the upper and lower sidebands. With the advent of integrated
circuit (IC) technology, this basic function of balanced modulator has

been put into one chip of IC and named it MC 1596.

The DSB-SC Amplitude Modulator circuit detail made up of the IC MC 159622
is illustrated in Fig 2.11. The AM operation of this circuit demands the
adjustment of the carrier null potentiometer, 50K, for the proper amount

of carrier insertion in the output signal.
The schematic diagram®® of the MC 1596 is given in Fig 2.12.

Two assumptionshave been made to analyse this circuit, Fig 2.12. The

first assumption is that the similar devices within the monolithic chip
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Fig 2.12 Schematic Diagram of MC 1596
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are assumed to be identical and matched; and the second one is that the
transistor base currents are negligible compared with the magnitude of
the collector currents, thereby the collector and emitter currents are

assumed equal.

There are three differential amplifiers, Q1~Q2, Q3-Q4, and QS-Q6 where
the last one drives the dual differential amplifiers Ql—Qz, and Q3—Q4.
The bias circuitry along with the transistors Q7 and Q8 provides
constant current sources for the lower differential amplifier QS—Q6.

The MC 1596 schematic diagram is simplified and illustrdted in Fig 2.13.

U \i

| s

| ""“}Y 9 1

b TR §
D1 R 1Y

P on 1®
: : Py
&V v

Fig 2.13 Analytic Model of MC 1596.
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The output is proportional to the product of the input voltages VX and
VY’ provided the magnitudes of VX and V& are maintained within the limits
of linear operation of the three differential amplifiers, and is given

by Vb.

V =K‘; V L R L e 00 (e WX ¥ 2.30

where the constant K depends on the selection of external components.

Usually a high level input signal is applied to the dual differential
amplifiers Ql’ QZ’ Q3 and Q4 (carrier input port) and a low level input
signal to the lower differential amplifier Q5 and Q6 (modulating signal
input port) for the linear operations of all the differential amplifiers.
_The output contains only the sum end difference frequency components and
amplitude information of the modulating signal., If the signal input

level is too high, its harmonics are generated and appear in the output
as spurious sidebands of the suppressed carrier. If the carrier input of
high level is used, it has the advantage of maximizing device gain and
ensures that any amplitude variations present on the carrier do not

appear on the output sidebands.

Two types of operation is considered for mathematical analysis. One type

is low level sine waves for both VX and VY,and other is low level sine

wave for VY and large signal square wave for VX

For sine wave inputs,

<
]

X EX cos th SO N gy ves 2ol

v EY cos wYt Siie 5% A e 2n 2

<
"
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where EX and EY are the peak values of VX and VY respectively. Hence

1l

v KE_E_ cosw_t cos th

0 b X
1 3 -
5 KEXEY{ cos (wX + wY)t + cos (wX wY)t } S vl B

For high level square wave in the second case, switching function is
assumed in the upper differential amplifiers. The Fourier series for

the symmetrical square signal is

(-~ 2 1. it :
£(t) = 2E, % Rt B B o0s Lt i w2l
b O 0% 777 WIS B X »

Therefore the odtput voltage is

o0 Lo
Ly sin% nm ¥
VO % K ZEXEY {§=1’3,5““——-——-——-,/2 o COS NWyt COSy . g 2.45
which is
V= KR ; —§19~§EE-{cos(nw +w, )t + cos(nw, — w,)t}
0 XEY L nw X- Y X Z

T T D R
o 2.36

In the first case, for low level input signals, it is noticeable from Eq
(2.33) that the output signal consists of the sum and difference frequencies
(mximY) only, Qhereas in the second case, for the operation with a high
level input at the VX inputs, Eq (2.36) reveals that the outputs obtained
are sum and difference frequencies at various harmonics, (wxi& Y),(3wX*wY),

(SMX*MY) etc.

It is therefore evident that the second case with the square wave carrier
signal encounters many odd harmonics and that the first case should be
chosen for its better system performance as the carrier input level is at

its low and linear range.
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2.2.2 . Phase Shifter

The phase shifter illustrated in Fig 2.14(b) used for this research is
based on a standard phase-shifting circuit shown in Fig 2.14(a) which
develops a constant-amplitude variable-phase voltage evp' This evp can

be varied in phase from 0° to 180° by adjusting R3 from zero to
circuit
infinity. The open;gain of Q1 can be expressed as

" R
G=—é—:=(l+'§—-—)=2 LR e v o v e “ve 2'37
in 1

Since the collector-to-emitter output impedance Z0 is low, the phase

of eo is ﬁractically independent of the phase of Zis.

+15
Rz : 4.7k
(a) \i\ _L “-Z---e>
2N3904 . TR
p \ﬂ < i? I___,g;RB !
fn  OH o ‘fgrpLe
poles -
5 1 2.5 mA ‘0 i
4.7K
-7.5v [+15v
Ny | oo ©€;,=2V40° 4OKHz
() ég g N3906 L S00pF #BK 3 e, =2v,0°
, Q2 o e e, =2v,90°
213904} e R, 5 =2V
e, =2v_  40KHz s *1 e, =2v,180
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Fig 2.14 (a) Standard Phase-shifter
(b) Four-output Phase-shifter



28

Z 1is given by
%o
Z=(1+_——)R=2R;AOQ e “ s e LR ce 2.38
o Rl e e
where Re is the dynamic resistance?®227 which is the reciprocal of the
slope of the volt-ampere characteristics of emitter-base junction for
which I is related to V by
7
Bat PTG L e e B8
where Io: reverse saturation current of the junction
n : a constant

= 1 for large currents and 2 for small currents (rated)

V_: volt-equivalent of temperature

T
n= KT
q
K : Boltzmhmm-eonstent % 1,381 x 10 2?J/°K
T : temperature in degree Kelvin
239
q : electronic charge = 1.602 x 10 c
] = ————————
and. V" R0
and the dynamic resistance Re is approximately related to VT by
b ¥
RC— I DR « o e s e s o LR *we LY 2.40
= 30/1

where Re is in Ohms, I in milliamperes and n = 1

The emitter signal voltage is always a few percentage of €in because of
the low value of Rézs. Similarly, the collector voltage isalso a few
percentage of its open-circuit value because the value of Zo is low. So
the‘output signal voltage e has its phase angle almost independent of

ZL' Consequently a number of phase-shifting networks, ZL’ depending on
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the amount of load current the transistor Ql is capable of delivering,
can be connected in parallel across the output and the phase angle can
be independently adjusted to any value without any interferences on the

other circuits or networks.

Fig 2.14(b) illustrates a four-oﬁtput phase shifter with output at

" every 90° apart. The two-transistors driver has very low internal
impedance. Each output works into open-circuit loads and can be adjust-
ed to the proper value without affecting other outputs. In practice

the 8Kohm resistors are made variable to adjust the phase shift to the
required value and an amplifier is added to its output so that any
required amplitude is obtained or the amplitude of the output can be
made equal to that of the input in casc the output amplitude is decreas-
. ed because of the circuit components flexible values. The phase shift

is hence satisfactorily achieved.

2.2.3 Adders : R!
e M s
100K
Rv\ § v

7 -

R i 2 6 S

v a-—-—-—\/\/\/\l'\/\/‘—‘ 1—3- =+ VO

2" 100K R

2 > IM107
100K

Fig 2.15 Adder
An adder shown in Fig 2.15 uses an operational amplifier as a summer.
This operational amplifier yields an output which is an algebraic sum

of the two input signals?®,
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Since
v \%
1=——-l+~RZ— 2.41
o )
Rf R'
= e v = e 5 —_V
then Vo R'3 (R v 1 o 2 Vz) e PR ¥ 2.42
"y 2
# = -V = = '
PR Vo (V1 * VZ) when Rl R2 R PN S 2553

It is noted that the output is negative because an inverting summing
amplifier is used. Hence, in order to obtain a positive output, one
has to use a non-inverting emplifier. The Fig 2.16 can be changed to a
non-inverting one by feeding the inputs to pin 3 and connecting the

100K resistor to pin 2 which is then earthed.
292. 8, Multiplier

A general multiplier provides an output signal which is proportional to
the product of twe inputs. If the output always bears the correct

algebraic sign the multiplier is said to be a four-quadrant multiplier.

A basic multiplier can be considered as a common-emitter amplifier
which yields an output as

V =CV, I o0 veo L 2.44
o in: B

where C is gain constant.

The two variables, emitter current IE and the input voltage Vin’ are
not independent of each other. The censtant C should have a proper
dimension to realize the equation dimensionally valid. This concept“’29

has been adopted by Motorola to develop its MC 1595 monclithic
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multiplier, whose schematic diagram is given in Fig 2.16 and analytic
diagram in Fig 2.17. In Fig 2.17, the main amplifier is a cross-coupled
quad differential unit, QS, Q6, Q7, and 08 whose functions are alike
the modulator MC 1596 shown earlier in Fig 2.12 and Fig 2.13.The
differential amplifier unit has common-emitter amplifier configuration,
but has emitter currents and input voltages independent of each other.

The cross coupling design allows inversion performances that are nece-

ssary to realize four-quadrant operations.

hlf e @OV,
For Ebers-Moll o

PR
Transistor: Q1

For two identical transistors with f -+ «

I
I
i i,
I FhQ,
¥, -
/ 3
G 777
v &L 1n i
q ay
g (a/kT)Vy _ (q/kT){ (KT/q)In(I3/a1)} _
Lo%py & 2855 X *L fora=a

1 nad
Fig 2.19 Multiplier Preconditioning Principle
(Here q, K and T are same as in Eq (2.39))

For the input base-emitter voltage V1 ., the cutput current of the

n

amplifier is exponentially related to its input. If the voltage AV as

shown in Fig 2.17 applied to the base terminals of the quad amplifier
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is a linear function of the signal voltage V., the output current is an
exponential function, i.e., non-linear. To avoid such a non-linearity
the VY signal is preconditioned before it is applied to the main ampli-
fier. In other words the use of a linear circuit has the disadvantage
of distorting at least one input due to the non-linear pé@essiug
involved. So the preconditioning of one input that cancels the non-

linear processing distortion is mecessary to overcome the distortion

problem. Such preconditioning principle is illustrated in Fig 2.19.

The collector response of a transistor to an input base-emitter
voltage is considered to explain the precondition principle briefly.
In Fig 2.19, the two transistors are assumed identical. Output 12 is
produced by the input Il' Thelr relationship is established, thereby
they are scen approximately equal on condition that the constants

a; and a, are equal. Such an operation is achieved by first converting

the input current intc a voltage V1 with which Il has an exponential

relationship as shown in Fig 2.19, and then converting Vl into another

current IZ’ which is exponentially related to V1 too. Since Il is

exponentially related to Vl’ V1 is logarithmically related to Il.Again
since the transistors are identical and the logarithmic operation
cancels the exponential operation, the output 12 responds linearly to

the input I., which has been nonlinearly processed inthe transistor

19

junction.

In Fig 2.17 the preconditioning is achieved by passing the current

resulting from VY signal through the diodes Dl and DZ' As soon as the
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current from the input amplifiers Ql and Q2 passes through the diodes,
voltage develops across diodes logarithmically that is nonlinearly,
which is the exact compliment of another nonlinear responses produced
in the quad amplifier transistors.Hence the output current of the quad
amplifier, in response to its base voltage, becomes linear. That is

VO=KVXVY LR . a0 LRI s 00 LR 2045

which is the same as Eq (2.30), and where the constant K is the circuit

scale factor??. The scale factor K is expressed as

2 RL

where the resistors RX and R + are externally connected to adjust the

K P alois s 2.46

gain of any specific value.

.From Eq (2.45) it is noted that the constant K plays an important role

to'obtain VO of significant magnitude. Se K should be carefully chosen.
In addition to that the externally connected resistors Rx and RY must
be carefully chosen too to acquire the maximum input voltage swing
without bringing about any nonlinearity. To meet such requirements, two
following conditions are set to avoid any cut-off of the inputamplifiers
Q1~ QZ icing QB_ Qa‘

VX(max) <1113 RX

vY(max) by I3 Ry

and
The analysis of the MC 1595 for the rest of the circuit is the same as
in the case of MC 1596 where the collector and emitter currents are

assumed equal. The practical circuit?® is shown in Fig 2.18.
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2o2us, Limiter

A simple limiter intended to use to smooth out the amplitude variation
of the output of the multiplier is a double-ended clipper using two

avalanche diodes as shown in Fig 2.20(a).

RS
+v ’v AN 't
A 50K )
\ 1
|
| > [
V., v
& (o]
| i
(a) : At '
l |
£ s e,

(b) \ / Zener value + 0.5

Fig 2.20 (a) Limiter and (b) Its Output

Zener voltage = 0.6 x input voltage

input voltage
maximum current of Zener

Rs(minimum) =

The output waveform of the limiter is illustrated in Fig 2.20(b).
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2.2.6, DRuilt-in Carrier Frequency Source

The built-in self-starting oscillator used as the

source of carrier fre-

quency (See Fic 3.2 Detailed Circuit Diagram, p 41) for tihis research is

the Wien-Bridge oscillator, whose zeneral coufiguration is shewn in Fig

2.21. The unique monolithic LM 370 is used as a constant amplitude osci-

1lator. The RC networks, comprising Rlcl and RZC

29 provide to the system

the positive feedback whose transfer function becomes maximum when the

lead produced by R,C. equals the lag, in magnitude, produced by R2C2.

5 i

|
A, output

‘@

Fip 2.21 General Wien-Bridge Oscillator Configuration

Under such condition the gain of the network is given by

1 + Rl/R2 + Cz/Cl
and the frequency of oscillation is given by

1
29 ‘/{RleClCz} 5 i

The resistors R, and Ra, forming a negative feed-back loop,

3

gain of the amplifier. To have a sustained oscillation, the

30~32

P

e e 2.48

control the

loop of the
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system must be equal to unity, hence the condition of oscillation is

O g g ¢
g
4 g %
l.e.’
e L o=
B R,

2.49

2,50

In Fig 3.2, the potentiometers P1 and P2 in gang provide coarse tuning

and P3, fine tuning of the frequency of oscillation. Another potentio-

meter P, is used for setting the output level to the desired value,

5



	Chapter 2 System Performance
	2.1 System Details
	2.2 Circuit Details


